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TECHNICAL MEMORANDUM CH2MHILL

Final Cheatham Annex Site 1 Groundwater Data Review and
Risk Management Consideration

PREPARED FOR: Yorktown/Cheatham Annex Partnering Team
PREPARED BY: CH2M HILL
DATE: February 19, 2008

This Technical Memorandum (TM) summarizes CERCLA actions and groundwater human health risks
at Cheatham Annex (CAX) Site 1, Landfill Near Incinerator. Five removal actions taken at Site 1 have
eliminated all unacceptable risk to human health and the environment associated with waste, soil,
sediment, and surface water. Mitigation of these risks will be documented in the Construction
Completion Reports supporting a no further action Proposed Plan and Record of Decision for these
media. A human health risk assessment (HHRA) (Baker, 2004) addendum to the Remedial
Investigation (RI) (Baker, 2004a) identified unacceptable risk for potable use of groundwater. This TM
presents the rationale for groundwater risk management consideration to support a no action Proposed
Plan and Record of Decision for all media at CAX Site 1.

Background

The Site 1 landfill was used for disposal of incinerator residue from 1942 to 1951, and as a general
landfill from 1951 to 1972. Site 1 covers approximately 1.3 acres located along the York River behind a
former incinerator that was dismantled between 1989 and 1992. Groundwater data were collected in
2000 and used in a 2004 updated HHRA presented as an addendum to the Round One Remedial
Investigation Report for Site 1 - Landfill Near Incinerator (Baker 2004, Admin Record # 01475). Five
removal actions have been conducted at Site 1 and comprise surface debris removal and river bank
stabilization in 2000 (Action A), removal of the main landfill (with the exception of the depression pool
area) and shoreline protection in 2003 (Action B), removal of additional landfill material and debris
discovered outside the boundaries of the main landfill in 2004 (Action C) and 2005 (Action D), and
removal of the remainder of the main landfill (depression pool area) and contaminated sediment
within the adjacent wetland area in 2007 (Action E). Post-removal confirmation sampling contained in
the construction completion documentation demonstrates the removal of all waste and the mitigation
of unacceptable risk associated with soil, sediment, and surface water at Site 1.

Groundwater Data

Five monitoring wells were sampled in May 2000 at Site 1 as part of the RI; 1-GW05, 1-GW06, 1-GW07,
1-GW09, and 1-GW10. Tables and a figure from the 2004 RI are provided as an attachment to this TM
and include; groundwater quality field measurement (Table 4-4), groundwater sample results (Table 5-
10), and a groundwater data distribution figure (Figure 5-6). The results for chemicals of concern
(COCs) identified in the HHRA Addendum to the 2004 RI (total arsenic, iron, and manganese) are
summarized in Table 1 below:



Table 1: 2004 RI concentrations of total arsenic, iron, and manganese

Concer:gfl_“ons M 1.6wo05-00 1-GW06-00 | 1-GWO07-00 | 1-GWO09-00 | 1-GW10-00 | 1-GW10-00D*
Arsenic 1.98U 2.1 34.7 2.3 35 3.6

Iron 718 578 29,800 497 308 412
Manganese 3.7 1.34U 505 44.8 111 111
Notes: * Duplicate sample of 1-GW10-00

U — Not detected above associated detection limit

Monitoring wells 1-GWO05, 1-GWO06, 1-GW09, and 1-GW10 were installed outside the extent of the
landfill (see attached Figure 5-6 from RI). The boring log from 1-GW07 identifies that the well screen
was located within the extent of the landfill waste and coincides with the highest concentrations for
each of the three COCs. Groundwater flow has been calculated to be northeast toward the York River.
Monitoring well 1-GW10 was the closest downgradient groundwater sampling location to 1-GW07 at a
distance of 75 feet (see attached Figure 5-6 from RI). The concentrations of the COCs in 1-GW10 do not
indicate a release of these constituents as they are similar to background concentrations.

Comparisons of site data to the average of the five site samples and maximum total background
concentrations are summarized in Table 2 below:

Table 2: Average concentrations of COCs and Comparison with Background

ResutsinglL | Lowor |, SieIMEL | Stelnemiewin | Stelaerne | Gaciground

Conc. For CAX
Arsenic 34.7 3.6 8.9 25 12.6
Iron 29,800 718 6,401 551 11,4003
Manganese 505 111 133 40 760
Note: J - Value is estimated

Average concentrations were calculated based on the highest of either 1GW10-00 or 1GW10-00D

The average Site 1 total concentrations for all three compounds in samples from the five wells are
below the maximum background concentration for CAX. The landfill waste has been removed and
with it, monitoring well 1-GW07, which was screened entirely in the waste itself. It is therefore
reasonable to consider groundwater concentrations excluding results of 1-GW07. By doing so, the Site
1 maximum total concentrations (arsenic- 3.6 ug/L ; iron- 718 ug/L; and manganese- 111 ug/L) and
average total concentrations (arsenic- 2.5 ug/L ; iron- 551 ug/L; and manganese- 40 ug/L) for all three
compounds are well below the maximum background concentrations for CAX.

Comparisons of the three downgradient site samples (1GW06, 1GW09, and 1GW10) to upgradient
sample (IGW05), the well installed within the waste (1GW07), and base background total
concentrations are summarized in Table 3 below.
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Table 3: Groundwater Concentration Comparison

Max Average Uparadient Maximum GW
Results (ug/L) 1-GWO07 Downgradient Downgradient Werl)lg(lGWOS) Background Conc.
Wells Conc.* Wells Conc.* For CAX
Arsenic 34.7 3.6 2.7 1.98 U 12.6
Iron 29,800 578 496 718 11,400 J
Manganese 505 111 52.4 3.7 760

Notes: *Downgradient wells consist of 1GW06, 1GW09, and 1GW10.
J — Value is estimated
U — Not detected above associated detection limit

The average and maximum total concentrations of these metals in groundwater samples from
downgradient wells for Site 1 are well below maximum background concentrations for CAX. The total
concentrations of arsenic, iron and manganese downgradient of Site 1 demonstrate that there is no
contaminant migration beyond the boundary of the former landfill.

Furthermore, it should be noted that although not sampled during the Remedial Investigation, an
additional well installed within the horizontal limits of the waste was sampled as part of the 1994 Site
Investigation (Baker, 1994). The well, IEW03 (later renamed 1GWO03 and since removed) was sampled
in August 1992 and analyzed for inorganics. The results of the unfiltered sample detected arsenic at
3.1 ] ug/L. This result is consistent with concentrations of arsenic found in the monitoring wells
outside the extent of the landfill during the RI investigation. The depth of the well screen was 24.5 to
29.5 feet bgs, which was below the extent of the waste. The results from TEW03 would further
demonstrate that the groundwater risk driven by arsenic detected in samples from monitoring well
1GWO07, would be mitigated once the landfill waste was removed.

Human Health Risk Summary

Using data from all five wells, the only unacceptable risk associated with groundwater was identified
from potable use of groundwater by a potential future resident from exposure to arsenic, iron, and
manganese based on both Reasonable Maximum Exposure (RME) and central tendency exposure (CTE)
concentrations. The RME concentrations were driven by the maximum concentrations from well 1-
GWO07. The CTE concentrations, which were based on site averages, were also skewed by the
concentrations from the sample collected from monitoring well 1-GW07.

The unacceptable risks identified in groundwater from all five wells are (Baker, 2004):
e Child Resident RME cancer risk (2.9E-4) from arsenic
e Child Resident RME non-cancer hazard for arsenic (7.4), iron (6.4), and manganese (1.6)
e Child Resident CTE non-cancer hazard for arsenic (4.9), iron (4.2), and manganese (1.1)

Potential human health risks were re-calculated excluding monitoring well 1-GW07 and although the
cumulative non-cancer hazard index is 1.3, there is no unacceptable risk associated with the potable use
of groundwater to child resident following the removal of waste based on:

e Individual HQ for the three compounds is less than 1.0 [arsenic (0.77), iron (0.066), and manganese
(0.35)].
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e Arsenic, iron, and manganese all target different organs so there is no target organ value greater
than 1.0.

Table 4 below provides a comparison of future child resident risk assessment for data from all
groundwater samples to risk calculated for groundwater data from all wells excluding 1IGWO07. The
tables used to calculate the new risk are provided as attachments to this tech memo (Tables 7.1 and 7.2).

Table 4 - Future Child Resident Risk Assessment Comparison

Cancer Non-Cancer
RME Non- CT Non- Toxicity Toxicity
Chemical of EPC RME Cancer Cancer CT Cancer Cancer Hazard | Factor (CSF) Factor (RfD)
Receptor | Pathway Concern (Hgl/L) Risk Hazard (HI) Risk (HN mg/kg-dayt mg/kg-day
Arsenic 34.7 2.9x 10+ 74 6.4 x10% 49 15 3.0x 10+
Non Non 1
Ingestion fron 29800 carcinogenic 64 carcinogenic 42 NA 30x10
Future Non Non '
Child Manganese 505 carcinogenic 16 carcinogenic 11 NA 20x10%
Resident
With Arsenic 347 1.1x10% 2.9x10? 8.3x10%® 6.5x103 15 3.0x 10+
1GWo07
Iron 29,800 Non  f 3510 Non 71x10° NA 30x101
Dermal carcinogenic carcinogenic
Manganese | 505 Non 1 51y101 Non 46x102 NA 8.0x 10+
carcinogenic carcinogenic
Arsenic 3.6 3.0x 105 0.77 6.6 x 106 0.51 15 3.0x 104
Non Non
Ingestion Iron 720 carcinogenic 0.066 carcinogenic 0044 NA 70x10
Futgre Manganese 110 Non . 0.35 Non . 0.24 NA 2.0x10?
Child carcinogenic carcinogenic
Resident
Without Arsenic 36 23x10% 51x103 14x10% 11x10% 15 3.0x10%
1GWO07
Non 4 Non 5 1
Dermal Iron 720 | acinogenic | 43X 10 carcinogenic 9.5x 10 NA 7.0x10
Manganese | 110 Non 1 59y102 Non 13x102 NA 8.0x 10+
carcinogenic ' carcinogenic : '

Groundwater Risk Management Considerations

Potential potable groundwater-use risks identified in the RI for CAX Site 1 warrant risk management
consideration based on the following:

e The source for potential groundwater contamination (all waste and impacted soil) has been
removed from the site.

¢ The maximum and mean concentrations of arsenic, iron, and manganese in groundwater
samples from all wells immediately downgradient, side-gradient, and upgradient of the former
landfill are below background levels and at concentrations that do not pose unacceptable potable
groundwater-use risk.

e All potentially unacceptable risks associated with the potable use of groundwater were driven
by groundwater data collected from one well (1-GW07) screened entirely within the waste, which
has been removed.
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Groundwater Risk Management Consensus

The Navy, in partnership with the USEPA and VDEQ, determined potential groundwater risks at CAX
Site 1 to be acceptable for unrestricted use/unrestricted exposure (UU/UE).

Ms. Linda Cole; @] CB’L 4,/ v, / JF
NAVFAC Mid-Atlantic X ad Date +—

Mr. Rob Thomson; f 7 X A
USEPA Region 3 = Zzﬁ?[ég)}l(m«\ Date % 4,?/@3

Virginia DEG )z ///& e Y2YVE
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NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA

TABLE 4-4

SUMMARY OF PURGE WATER QUALITY PARAMETERS
REMEDIAL INVESTIGATION FOR SITE 1 - LANDFILL NEAR INCINERATOR

CHEATHAM ANNEX SITE
Water Quality Parameters
Well 1D Well Purge Specific Dissolved
Date Sampled Time Volume Volume | Conductivity | Temperature pH Turbidity | Oxygen
Avg. Flow Rate (gal.) (mS/cm) (°C) (SU) (NTU) (mg/L)

1-GW05 1651 1 1.4 0.438 17.4 7.37 33 5.43
May 15, 2000 1701 2 2.8 0.429 16.4 7.07 20 5.7
0.57 L/min 1711 3 4.4 0.429 15.7 7.01 10 5.58
1-GWO06 1205 1 1.25 0.782 20.6 6.98 37 6.66
May 15, 2000 1222 2 2.5 0.76 18.3 6.69 36 4.54
0.27 L/min 1237 3 3.75 0.771 18.4 6.96 34 3.05

1300 4 5 0.765 18.8 7.01 17 3.96

1315 5 6.25 0.759 19 6.94 17 3.9
1-GW07 1802 1 4.4 1.26 17.1 6.64 3 1.38
May 15, 2000 1813 1.5 6.6 1.35 16.5 6.65 2 1.24
0.77 L/min 1822 2 8.8 141 16.4 6.75 1 1.23

1834 2.5 11 1.43 16.6 6.77 0 1.16

1845 3 13.2 1.42 16.2 6.76 0 1.08
1-GW09 0958 1 1.8 1.07 17.1 6.7 14 6.8
May 15, 2000 1015 2 3.6 0.99 16.6 6.65 13 34
0.42 L/min 1031 3 54 0.96 17.1 6.81 13 3.5

1047 4 7.2 0.94 17.3 6.75 11 1.82
1-GW10 1255 1 2.2 0.675 18.5 7.7 10 3.03
May 15, 2000 1315 2 4.4 0.672 17.5 7.51 7 2.75
0.48 L/min 1330 3 6.6 0.681 17.3 7.39 4 2.51
Notes:

SU = Standard Units

NTU = Nephelometric Turbidity Units

mS = Microsiemems




Sample_ID
Date Sampled

Dissolved Inorganics (ug/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Cyanide
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zine

GW - combined.xls, GWi

1-GW05-00
05/15/00

1644 U
232U
1.98 U
124
0.56 U
261U

83300

1.6
298U
193 U

10.6
1.48 U
1780
1.34 U
0.03
119U
3080
298U
274U
5510
328U
4.01 U
3.4

TABLE 5-10

GROUNDWATER - INORGANIC COMPOUNDS
SITE 1 - LANDFILL NEAR INCINERATOR
REMEDIAL INVESTIGATION REPORT
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA

CHEATHAM ANNEX SITE
1-GW06-00  1-GW07-00  1-GW09-00  1-GW10-00  1-GW10-00D
05/15/00 05/15/00 05/15/00 05/15/00 05/15/00
1644 U 16.44 U 1644 U 16.44 U 16.44 U
232U 232U 232U 232U 232U
198 U 339 2.3 198 U 24
57.8 210 612 32.9 32.8
0.56 U 0.56 U 0.56 U 0.56 U 0.56 U
261U 2.8 261U 261U 261U
163000 232000 194000 137000 136000
402U 4.02 U 0.74 U 074 U 074 U
3 2.98 U 298 U 298 U 3
1.93 U 193U 1.93 U 193U 193U
153 29600 142 49.3 58.8
148 U 148 U 148 U 148U 148 U
7090 44800 11400 3120 3100
134 U 501 383 109 110
0.04 0.04 0.03 0.05 0.02
119U 119 U 119U 19U 119U
5470 32900 5620 1780 2000
298 U 298 U 298U 298 U 298 U
274 U 274 U 274U 274U 274U
6060 26000 13700 9680 9780
328 U 328 U 328 U 328 U 328 U
401U 44 401 U 401 U 401U
5.1 122 2.8 5.8 4

Page 1 of 3
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Sample_ID
Date Sampled

Total Inorganics (ug/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Cyanide
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Sclenium
Silver
Sodium
Thallium
Yanadium
Zinc

GW - combined.xls, GWil

1-GW05-00
05/15/00

479
232U
1.98 U
12.8
0.56 U
261 U
84500
402U
298 U
1.93 U
10U
718
1.48 U
1840
3.7
0.02U
11.9 U
3320
298 U
274 U
5510
328U
4.4
8.3

TABLE 5-10 (Continued)

GROUNDWATER - INORGANIC COMPOUNDS
SITE 1 - LANDFILL NEAR INCINERATOR
REMEDIAL INVESTIGATION REPORT
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA
CHEATHAM ANNEX SITE

1-GW06-00 1-GW07-00 1-GW09-00 1-GW10-00  1-GW10-00D

05/15/00 05/15/00 05/15/00 05/15/00 05/15/00
326 62.4 312 176 311
232U 232U 232U 232U 232U
2.1 34.7 2.3 3.5 3.6
54.6 214 63 332 33.7
0.56 U 0.56 U 0.56 U 0.56 U 0.56 U
261U 261U 2.61U 261U 261U
154000 234000 200000 138000 138000
7.6 402U 1.7 402U 4.02U0
298 U 298 U 298U 3 298U
193 U 1.93 U 193U 193U 193 U
1ou 10U 10U 10U 10U
578 29800 497 308 412
148 U 148 U 148 U 148 U 148 U
6610 44900 11600 3200 3200
1.34 U 505 44.8 111 L1t
0.02 0.03 0.04 0.03 0.04
119y 119U 119U 119U 119U
4500 33100 5860 1950 1980
298U 298 U 298 U 298 U 298 U
274 U 274 U 27714 U 274U 274 U
5560 26000 14000 9930 10100
328U 328U 328U 328U 328U
4.4 4.01.U 401U 4.4 4.4
4.8 127 5.6 6.2 6.5
Page 2 of 3
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| INORGANICS (ug/L) IMPROVEMENT AREA
Arsenic 3.5(ND) oy < Hd MPROVEMINT AREA
Manganese 111(108) STonu mmmmm'
Arsenic 3.6(2.4) '1'2% C \
Manganese 111(110) \ ;r.::u SLOPE

<X

METAL STORAGE!
TANK

=15-00 |

INORGANICS (ug/L)
Arsenic 34.7(33.9)
Iron 29,800(29,600)
Manganese 505(501)

UNNAMED TRIBUTARY TO
THE YORK RIVER

RAILROAD
TRACKS

RV RN A

.

Baker Environmental,ine.

1.) LOCATIONS FOR TOP OF BANK, FENCE LINE, MONITORING WELLS AND EDGE OF LANDFILL STAKES N \ g
SURVEYED BY PATTON HARRIS, RUST & ASSOCIATES. OCTOBER 1998. Sk< S
2.) LOCATIONS OF METAL DEBRIS PILE AND METAL STORAGE TANK APPROXIMATE AND BASED ON FIELD R AN SO
MAPPING BY NAEVA GEOPHYSICS, INC. OCTOBER 1998. _ R
3.) REMAINING FEATURES SURVEYED BY BAKER VIA GPS. OCTOBER 1998. bﬁ AN
4.) SAMPLE RESULTS INCLUDED FOR REFERENCE. & AN
5.) RESULTS EXCEEDING UPGRADIENT WELL (GREEN) & oy, AN
& )

6.) RESULTS EXCEEDING UPGRADIENT AND TAP WATER RBCs (PINK)
MR FEDE S IDDI Y

7.) RESULTS EXCEEDING UPGRADIENT, TAP WATER RBCs AND FEDERAL MCLs (PURPLE
8.) RESULTS EXCEED TAP WATER RBCs (RED)

NOTES:;

1.) LOCATIONS FOR TOP OF BANK, FENCE LINE, MONITORING WELLS
AND EDGE OF LANDFILL STAKES SURVEYED BY PATTON HARRIS, RUST
& ASSOCIATES. OCTOBER 1998

2.) LOCATIONS OF METAL DEBRIS PILE AND METAL STORAGE TANK
APPROXIMATE AND BASED ON FIELD MAPPING BY NAEVA GEOPHYSICS, INC.
OCTOBER 1998

3.) REMAINING FEATURES SURVEYED BY BAKER VIA GPS. OCTOBER 1998.

B —

Aluminum 312(ND)
Arsenic 2.3(2.4)
Iron 497(58.8)
Manganese 44.8(38.3)

6\
2 i —
29

22)

Arsenic 2.1(Ni

h GWOE 1992 SOIL BORING/MONITORING WELL

s {CGWOE 4

&

2104405W

\ 1GWO05 2000 MONITORING WELL GROUNDWATER SAMPLE

1GW09 2000 MONITORING WELL

i / PRRITECAON — APPROXIMATE C OF DRAINAGE WAY WITH

(EBB) FLOW DIRECTION

|

LANDFILL

GRAVEL ROAD
ASPHALT ROAD
CONCRETE SURFACE
WETLANDS

1

| e, 718(10.6)
| ND NOT DETECTED
MICROGRAMS PER LITER

1 inch = 100 ft

SOIL MATRIX WITH VARYING PROPORTIONS OF DEBRIS

TOTAL CONCENTRATION (DISSOLVED CONCENTRATION)

FIGURE 5-6

CTO — 0104

NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
CHEATHAM ANNEX SITE

INORGANIC CONSTITUENTS DETECTED ABOVE
SCREENING CRITERIA IN GROUNDWATER
SITE 1 — LANDFILL NEAR INCINERATOR




Revised Risk Assessment



[Scenario Timeframe:
[Receptor Population:
[Receptor Age: Adult

Future

Resident

TABLE 7.1.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
REASONABLE MAXIMUM EXPOSURE

Site 1 - Cheathan Annex Site, Naval Weapons Station Yorktown, Yorktown, Virginia

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk C; Non-Cancer Hazard C: 15
Potential Concern " " " Hazard
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Quotient
Value Units Value Units Value Units Value Units
Groundwater Groundwater Shallow Aquifer - Tap Water Ingestion

Arsenic 3.6E+00 ng/L 3.4E-05 mg/kg/day 1.5E+00 1/(mg/kg-day) 5.1E-05 9.9E-05 mglkg/day 3.0E-04 mg/kg/day 3.3E-01
Iron 7.2E+02 no/l 6.7E-03 mg/kg/day NA NA NA 2.0E-02 mg/kg/day 7.0E-01 mg/kg/day 2.8E-02
Manganese 1.1E+02 no/l 1.0E-03 mg/kg/day NA NA NA 3.0E-03 mg/kg/day 2.0E-02 mg/kg/day 1.5E-01
Exp. Route Total 5.1E-05 | 5.1E-01
Dermal Arsenic 3.6E+00 ng/L 1.8E-07 mg/kg/day 1.5E+00 1/(mg/kg-day) 2.6E-07 5.1E-07 mg/kg/day 3.0E-04 mg/kg/day 1.7E-03
Iron 7.2E+02 no/l 3.5E-05 mg/kg/day NA NA NA 1.0E-04 mg/kg/day 7.0E-01 mg/kg/day 1.5E-04
Manganese 1.1E+02 no/l 5.4E-06 mg/kg/day NA NA NA 1.6E-05 mg/kg/day 8.0E-04 mg/kg/day 2.0E-02
Exp. Route Total 2.6E-07 2.2E-02
Exposure Point Total 5.1E-05 5.3E-01
Exposure Medium Total 5.1E-05 5.3E-01
Groundwater Total 5.1E-05 5.3E-01
Total of Receptor Risks Across All Media 5.1E-05 Total of Receptor Hazards Across All Media 5.3E-01

Notes:

NA = Not applicable

DAevent for exposure to groundwater while showering calculated on Table 7.1.RME Supplement A.




[Scenario Timeframe:
[Receptor Population:
[Receptor Age: Child

Future

Resident

TABLE 7.2.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
REASONABLE MAXIMUM EXPOSURE

Site 1 - Cheathan Annex Site, Naval Weapons Station Yorktown, Yorktown, Virginia

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk C; Non-Cancer Hazard C: )
Potential Concern " " " Hazard
Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Quotient
Value Units Value Units Value Units Value Units
Groundwater Groundwater Shallow Aquifer - Tap Water Ingestion

Arsenic 3.6E+00 ng/L 2.0E-05 mg/kg/day 1.5E+00 1/(mg/kg-day) 3.0E-05 2.3E-04 mg/kg/day 3.0E-04 mg/kg/day 7.7E-01
Iron 7.2E+02 ng/l 4.6E-02 mg/kg/day NA NA NA 4.6E-02 mg/kg/day 7.0E-01 mg/kg/day 6.6E-02
Manganese 1.1E+02 no/l 7.1E-03 mg/kg/day NA NA NA 7.1E-03 mg/kg/day 2.0E-02 mg/kg/day 3.5E-01
Exp. Route Total 3.0E-05 | 1.2E+00
Dermal Arsenic 3.6E+00 ng/L 1.5E-06 mg/kg/day 1.5E+00 1/(mg/kg-day) 2.3E-06 1.5E-06 mglkg/day 3.0E-04 mg/kg/day 5.1E-03
Iron 7.2E+02 g/l 3.0E-04 mglkg/day NA NA NA 3.0E-04 mglkg/day 7.0E-01 mglkg/day 4.3E-04
Manganese 1.1E+02 no/l 4.7E-05 mg/kg/day NA NA NA 4.7E-05 mg/kg/day 8.0E-04 mg/kg/day 5.9E-02
Exp. Route Total 2.3E-06 6.4E-02
Exposure Point Total 3.2E-05 1.3E+00
Exposure Medium Total 3.2E-05 1.3E+00
|Groundwater Total 3.2E-05 1.3E+00
Total of Receptor Risks Across All Media 3.2E-05 Total of Receptor Hazards Across All Media 1.3E+00

Notes:

NA = Not applicable

DAevent for exposure to groundwater while showering calculated on Table 7.2.RME Supplement A.




[Scenario Timeframe:
Receptor Population:
Receptor Age: Adult

Future

Resident

TABLE 7.1.CTE
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
CENTRAL TENDENCY EXPOSURE

Site 1 - Cheathan Annex Site, Naval Weapons Station Yorktown, Yorktown, Virginia

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations
Potental Concemn Value Units Intake/Exposure Concentration CSF/Unit Risk . Intake/Exposure Concentration RfD/RfC Hazgrd
Cancer Risk Quotient
Value Units Value Units Value Units Value Units
Groundwater Groundwater Shallow Aquifer - Tap Water Ingestion
Arsenic 3.6E+00 ug/L 4.6E-06 mg/kg/day 15E+00 [ 1/(mg/kg-day) 6.9E-06 4.6E-05 mg/kg/day 3.0E-04 mg/kg/day 1.5E-01
Iron 7.2E+02 ng/L 9.2E-04 mg/kg/day NA NA NA 9.2E-03 mag/kg/day 7.0E-01 mg/kg/day 1.3E-02
Manganese 1.1E+02 ug/L 1.4E-04 mag/kg/day NA NA NA 1.4E-03 mgl/kg/day 2.0E-02 mgl/kg/day 7.1E-02
Exp. Route Total 6.9E-06 2.4E-01
Dermal Arsenic 3.6E+00 ug/L 1.5E-08 mg/kg/day 15E+00 [ 1/(mg/kg-day) 2.2E-08 1.5E-07 mg/kg/day 3.0E-04 mg/kg/day 4.9E-04
Iron 7.2E+02 ng/L 3.0E-06 mag/kg/day NA NA NA 3.0E-05 mag/kg/day 7.0E-01 mg/kg/day 4.2E-05
Manganese 1.1E+02 ug/L 4.6E-07 mag/kg/day NA NA NA 4.6E-06 mg/kg/day 8.0E-04 mgl/kg/day 5.7E-03
Exp. Route Total 2.2E-08 6.3E-03
Exposure Point Total 6.9E-06 2.4E-01
Exposure Medium Total 6.9E-06 2.4E-01
Groundwater Total 6.9E-06 2.4E-01
Total of Receptor Risks Across All Media 6.9E-06 Total of Receptor Hazards Across All Media 2.4E-01

Notes:
NA = Not applicable

DAevent for exposure to groundwater while showering calculated on Table 7.1.CTE Supplement A.




[Scenario Timeframe:

Receptor Population:

Receptor Age: Child

Future

Resident

TABLE 7.2.CTE
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
CENTRAL TENDENCY EXPOSURE

Site 1 - Cheathan Annex Site, Naval Weapons Station Yorktown, Yorktown, Virginia

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations
Potental Concemn Value Units Intake/Exposure Concentration CSF/Unit Risk . Intake/Exposure Concentration RfD/RfC Hazgrd
Cancer Risk Quotient
Value Units Value Units Value Units Value Units
Groundwater Groundwater Shallow Aquifer - Tap Water Ingestion
Arsenic 3.6E+00 ug/L 4.4E-06 mg/kg/day 15E+00 [ 1/(mg/kg-day) 6.6E-06 1.5E-04 mg/kg/day 3.0E-04 mg/kg/day 5.1E-01
Iron 7.2E+02 ng/L 8.8E-04 mg/kg/day NA NA NA 3.1E-02 mag/kg/day 7.0E-01 mg/kg/day 4.4E-02
Manganese 1.1E+02 ug/L 1.4E-04 mag/kg/day NA NA NA 4.7E-03 mgl/kg/day 2.0E-02 mgl/kg/day 2.4E-01
Exp. Route Total 6.6E-06 7.9E-01
Dermal Arsenic 3.6E+00 ug/L 9.6E-09 mg/kg/day 15E+00 [ 1/(mg/kg-day) 1.4E-08 3.4E-07 mg/kg/day 3.0E-04 mg/kg/day 1.1E-03
Iron 7.2E+02 ng/L 1.9E-06 mag/kg/day NA NA NA 6.7E-05 mag/kg/day 7.0E-01 mg/kg/day 9.5E-05
Manganese 1.1E+02 ug/L 3.0E-07 mag/kg/day NA NA NA 1.0E-05 mg/kg/day 8.0E-04 mgl/kg/day 1.3E-02
Exp. Route Total 1.4E-08 1.4E-02
Exposure Point Total 6.6E-06 8.1E-01
Exposure Medium Total 6.6E-06 8.1E-01
Groundwater Total 6.6E-06 8.1E-01
Total of Receptor Risks Across All Media 6.6E-06 Total of Receptor Hazards Across All Media 8.1E-01

Notes:
NA = Not applicable

DAevent for exposure to groundwater while showering calculated on Table 7.2.CTE Supplement A.




